Female R. fuscipes [in the laboratory] were observed to transmit B chromosomes to their offspring at a frequency greater than expected. In two natural populations described here, this accumulation of Bs appears to be countered by strong selection against B carrying rats which is apparent from the disproportionate loss of +B individuals from the population before the breeding season.
INTRODUCTION
Over the last 30 years, observations on the transmission of B chromosomes (Bs) from parent to offspring and of the comparative survival and vigour of B chromosome carrying individuals have led to considerable speculation as to the method of maintenance of these apparently non-essential chromosomes in natural populations.
One school of thought considers that Bs are "parasites", their existence depending on a balance of their intrinsic accumulation mechanisms with the counter effects of reduced fertility or vigour for the "host" (e.g., in the insects Pseudococcus obscurus (Nur, 1969) ; Melanoplusfeinur-rebrum (Nur, 1977) and in Zea mays (Rhoades and Dempsey, 1973) ). However, in some species the indidivuals carrying B chromosomes, at least those with low numbers of Bs, appear to have increased survival under certain conditions (e.g., in Secale cereale and Lolium perenne (Rees and Hutchinson, 1973) , and again in Secale (Teoh and Jones, 1978) ). Such observations have given rise to a "heterotic" model (White, 1973) where individuals with one B chromosome are regarded as heterozygotes, having a selective advantage over those with no Bs and those with several Bs.
Although it would appear that these two hypotheses should be easily distinguished by detailed studies of transmission of the Bs and the comparative survival of the B chromosome carrying individuals, few studies have been reported which attempt this combined approach, particularly with mammalian B chromosome systems. The present paper reports the results of such a study in Rattus fuscipes assimilis, the Australian bushrat.
MATERIALS AND METHODS
(i) Breeding colony Litters were obtained from both wild caught rats and rats which had been bred in the laboratory for several generations. Chromosome constitution was determined by blood culture from adult rats and from tail culture 363 or tissue culture of lung, body wall, kidney, etc. (Thomson, 1980) . The progeny from 25 matings were scored for B chromosome number, the litters being sampled before the tenth day after birth to avoid the complication of possible post-natal viability effects.
(ii) Population study Aluminium box type live traps (Elliott Sci. Equip., Upwey, Vic., Aust.) were used to trap R. fuscipes at two sites in South Eastern Australia ( fig.   1 ). Cambarville, an area characterised by high rainfall and temperate rainforest, carries a high density of R. fuscipes, and a large proportion of these have one or two B chromosomes. The other site, near Anglesea, is a site of dry open woodland with a healthy understorey. The population density of R. fuscipes is comparatively low, but over the study period there was a higher proportion of rats with B chromosomes than at Cambarville, and it is notable that some individuals carry 3 B chromosomes, which is unusual for this species.
Trapping was carried out monthly on a square grid (at each site) with traps arranged in rows 8/rn apart. 100 traps were set each night. All R. fuscipes captured were retained for the remainder of the trapping period, and trapping was terminated when the nightly trapping success dropped below 3 rats per 100 traps. This trapping regime was favoured over one Melbourne where individuals are not retained but are released on the day of capture. Although the latter method would have the advantage that extra information about population size and individual movements may be gained from the capture-recapture data within each trapping period (e.g., Bishop and Hartley, 1976) , it was felt that by removing rats which were captured early in the trapping period, trap-shy animals may be more likely to enter the traps on subsequent nights (MacFarlain, 1979) . If this were the case, the sample would include the largest accessible population, thus reducing sampling bias. Blood samples were taken from anaesthetised rats by the orbital sinus method of Riley (1960) using sterile capillary tubes, and cultured using standard techniques (Thomson, 1980 ). An assessment of age was made by measuring the width of the upper incisors. Weight and breeding condition of each rat were also noted. Rats were released at the point of capture after being individually marked by the toe clipping method described by Flowerdew (1976) . From observations of mitosis and male meiosis in R. fuscipes with B chromosomes (Thomson et a!, 1984) it is clear that there is little or no non-disjunction in premeiotic mitoses. This being the case, it is possible to gain some idea of the behaviour of B chromosomes during meiosis by observing the distribution of B chromosome classes amongst the progeny of directed crosses (tables 1-5). Chi squared = 1063 (2 df) (significant at the 10 per cent level). Transmission rate=0'87 (expect 0.5). Transmission rate 10 (expect 1 0). Transmission rate = 127 (expect 10). It is obvious from these results that the B chromosomes do not behave in the same manner as the members of the normal complement. Normal meiotic behaviour (where homologues pair, separate, and move to opposite first division poles, then dyads split at the centromere during the second division and each replicate chromosome moves to opposite poles) cannot account for the 2B gametes produced by lB individuals (tables 1 and 2) or for the 3B gametes produced by 2B individuals (tables 3 and 4).
One simple hypothesis which can qualitatively account for the distribution of B chromosomes in progeny in these results is that B chromosomes move at random at each meiotic division. Such random distribution would be achieved if (a) Bs did not pair at first division and moved randomly to either pole (evidence from R. fuscipes male meiosis suggests that is the case; Thomson, 1984) .
(b) B dyads at second division separated early and each replicate moved polewards at random (rather than to opposite poles).
As can be seen from table 1, the distribution of B chromosomes in the progeny of lB male X OB female matings is consistent with this hypothesis.
However, table 2 shows that the reciprocal cross produces an excess of B chromosome progeny. The average transmission rate for this cross is O87, compared to the expected value of O'5. This suggests that a "meiotic drive" mechanism is operating in females. Consistent with this hypothesis is the observation that the 2B female X OB male matings also have a high average transmission frequency, whilst for 2B male X OB female mating the transmission frequency is as expected (admittedly with small sample sizes).
Similarly, the 1 B X 1 B cross (table 5) has an average frequency of B chromosomes in the progeny of 139, which is again consistent with an increased transmission frequency, although in this cross the differences between males and females are masked.
These results can be compared with those of Yosida (1978) , who observed the transmission of B chromosomes in Rattus rattus. His results, although not conclusive in themselves, also suggest an excess of B chromosome progeny in the offspring from B chromosome females. Thus these related species may have a similar mode of B chromosome inheritance, conforming to a pattern of random segregation at both meiotic divisions in the male, but with a meiotic drive mechanism operating in the female, leading to an accumulation of B chromosomes in oocyte nucleii.
It should be pointed out that the term "meiotic drive" is being used rather loosely here. True meiotic drive systems seem to cause their distorted segregation of allele frequencies through the production of dysfunctional gametes. For example, Segregation-Distorter (S.D.) in Drosophila ,nelanogaster involves the directed breakdown of spermatids (Peacock et al., 1972) , and the T-system in the mouse is thought to operate through a differential loss of mature sperm, but may be directed by events shortly after meiosis when the spermatids are interconnected (Braden, 1972) .
Evidence of true meiotic drive of B chromosomes in a mammal has been reported by Gileva and Chebotar (1979) in the female hoofed lemming.
Of course, female gametogenesis presents the opportunity for accumulation as there is a controlled loss of half the primary oocytes via the polar body. Gileva and Chebotar give cytogenetical evidence that B chromosome univalents in this species (as in Myrmeleotettix maculatus, Hewitt, 1976) are directed away from the polar body and become incorporated into the secondary oocytes. They also show that some accumulation occurs in female premeiotic mitoses. It is envisaged that the mechanism of accumulation of B chromosomes in females of the two Rattus species is similar to that in the hoofed lemming. However, in R. fuscipes, there is no real evidence to show that the possible distortion of B chromosome transmission in females is not due to differential zygotic mortality. Warneke (1971) found that R. fuscipes in his field population had a pre-natal loss of about 23 per cent (135 per cent attributable to loss of ova, and 95 per cent attributable to zygotic death). In the light of the results presented here, a further study to determine whether there is differential mortality of B carrying and OB embryos would be interesting.
Transmission has been studied in few mammalian B chromosome systems. However, Patton's (1977) study of male meiosis in Perognathus baileyi does give some insight into the mode of inheritance of Bs in this species, and shows that this system is rather different from that of the two Rattus species discussed above. In 2B males, B chromosome bivalents are seen in about half the first metaphase spreads, and in individuals with more B chromosomes, multivalents are often observed. Such a situation would make random segregation less likely than if the Bs are regularly unpaired at first metaphase, as in Rattus. As well as this, no second metaphase cells are seen with more B chromosomes than are found in the somatic cells, suggesting that the centromeres of B dyads are not separating earlier than the centromeres of the A chromosome dyads. If this so, random segregation in second division is unlikely. These two points, along with the possibility of meiotic drive in the male, suggest that the general mode of transmission of B chromosomes is radically different from that of the two Rattus species.
(ii) Survival of B chromosome-carrying R. fuscipes in natural populations
The population dynamics of R. fuscipes in South Eastern Australia has been investigated by several workers, including Warneke (1971) and Robinson (1976) . At the two study sites (Cambarville and Anglesea) the populations behaved similarly to the populations described by those workers.
The rats have a well defined breeding season, with juveniles entering the trappable population from mid summer. In autumn, there is general dispersal of these immature rats with, possibly, some mortality. Over winter, there appears to be little further dispersal and little mortality. In spring the males disperse. After the breeding season (which may extend through to late summer), there is a general loss of adult rats of both sexes from the population, presumably due to mortality. By autumn, very few adult rats are known to be alive. Some females (less than 10 per cent) survive until the next breeding season, but virtually no males survive into their second winter. Warneke (1971) found that all surviving females produce litters in the breeding season after their birth, and indeed some may produce two or three litters. Very few individuals of either sex breed in the season of their birth.
The existence of such a rigid pattern of reproduction allows us to estimate the numbers of animals lost from a defined area before they have the opportunity to breed. Rats which had been trapped previously, but were not known to be alive in the November trapping period were assumed to be absent from the breeding population on each of the two sites (fewer than 3 per cent of rats on either site conceived before the November trapping period in any year of the study).
A breakdown of the data on loss of individuals from the populations for OB and B chromosome groups does show some important differences. These results are presented in tables 6 and 7. Table 6 shows that loss of rats from the populations is independent of sample site, or of sex. That is, the pattern of loss could be considered to be the same for both sexes at both sample sites.
Partitioning these results (table 7) shows that for both sexes at Cambaryule there is a significantly greater loss of rats with B chromosomes before the breeding season than of rats without Bs (table 7 parts a and b). Anglesea males (part c) also have a significant difference for the loss of B chromosome rats and OB rats. The Anglesea females do not show a significant difference Chi squared=255, 9df, Pr>005.
* Rats lost before breeding are defined as those which are trapped on the grids but are not known to be alive in the breeding season after their birth (November or later).
t Rats lost after the breeding season are defined as those which are known to be alive at any time during the breeding season. 
Pr<0001
* Rats lost before breeding are defined as those which have been trapped on the grids but are not known to be alive in the breeding season after their birth (November or later).
t Rats lost after the breeding season are defined as those which are known to be alive during the breeding season.
The chi squared test on the 2 x 2 contingency table for part (d) is corrected for continuity.
between chromosome groups, but it is clear from the analysis presented in table 6 that the pattern observed is consistent with that for Anglesea males and for the Cambarville population. Because the data are not significantly heterogeneous, it is possible to estimate from the lumped data the percentage loss of B chromosome and OB individuals from the populations before breeding. This is presented in Loss of individuals from a population is a complex statistic. Whilst it is possible to envisage that a differential mortality is a major cause, differential migration could be occurring, with more B chromosome rats than OB rats leaving the sampling site before breeding season, and/or fewer B chromosome individuals entering the population during the breeding season. For some mammalian species, it is known that dispersing individuals may have a different genotype from those animals resident in the population (as determined by electrophoresis, e.g., in Microtus, (Myers and Krebs, 1971; Krebs et aL, 1976) ). However, there is considerable debate as to whether the genetic variation is associated with the cause or the effect of dispersal (see Liddicker, 1978; Tamarin, 1978) . It was not possible in the present study to investigate the frequencies of B chromosomes in dispersing animals, one major problem being the inability to obtain karyotypes of several animals which were captured only once (i.e., transients). In theory B chromosomes could affect dispersal behaviours directly by the action of genes located on the B chromosomes themselves, either autonomously or via effects on genes on the A chromosomes. The C band-positive nature of the B chromosome (Yosida and Sagai, 1973; Thomson et aL, 1984) , however, suggests that much of it is constitutively heterochromatic and thus probably carries relatively few active genes, although this requires confirmation.
Alternatively, B chromosomes could act indirectly simply through the presence of the extra (possibly non-coding) DNA. For example, a B chromosome correlated phenotype effect such as slowed development may put many B carrying individuals into a class of individuals prone to dispersal. Whilst the existence of such a class is unknown in rats, it has been reported that in voles (Microtus), dispersers tend to be smaller and reach sexual maturity at lower weights than do residents (Myers and Krebs, 1971; Krebs et a!., 1976; Tamarin, 1977) . Beacham suggests that from his data on M. townsendii dispersal and growth rate are closely related (Beacham, 1979) , and that dispersal of smaller voles is caused by aggressive interactions with larger voles. The larger voles are able to remain as residents. In R. fuscipes, there is no information as to whether individuals which remain as residents are different phenotypically from those which disperse. As well, laboratory data show that B chromosome effects on growth rate appear to be negligible under standardised conditions (Thomson, 1980) . Thus, no firm conclusions can be made about the B chromosome contribution to the migration component of loss from R. fuscipes populations.
Nevertheless, even if the differential loss of B carrying rats from the population is only partly due to differential mortality, the final outcome is still of considerable importance: a lower proportion of B carrying rats is present on the sample site at breeding season than was born onto the site in the previous season. For females this means that a lower proportion of B chromosome rats will breed than expected on the basis of the proportion of B carrying rats in the population at the end of the previous breeding season (since almost all females produce litters, Warneke, 1971) . For males there is no information available about variation in breeding success, but on the basis of opportunity to breed, the conclusion reached is the same as for females.
This implies that there is effective selection against the B carrying individuals. For Mendelian systems, selection pressures of this strength would rapidly eliminate the allele being selected against. Thus, for the frequency of B chromosomes in the population to remain relatively constant, an excess of B carrying rats must be present in the overall population at the time when young rats enter the trappable population. The results of the breeding studies show that there is indeed a higher transmission of B chromosomes to offspring than expected (at least via the female), and this should produce an excess of B carrying juveniles.
Ultimately a model could be constructed using the transmission frequencies calculated from laboratory crosses, in order to estimate the excess of B carrying juveniles which may be produced by a breeding population with a particular frequency of Bs amongst the parents. However the results presented here are based on too few individuals to give accurate estimates of transmission frequencies.
Whether the accumulation of Bs in natural populations is strong enough to balance the observed loss before the breeding season of individuals carrying B chromosomes, cannot be determined without further studies. A selective advantage for individuals with B chromosomes in the first month after birth could contribute to the excess of juveniles with Bs which enter the trappable population. It is clear, however, from the numbers of individuals carrying B chromosomes which are lost from the population before breeding, that an overall heterotic effect of the Bs is not possible. Thus the results presented here favour the "parasitic" model of B chromosome maintenance in natural populations of Rattus fuscipes assimilis.
